Purified total genomic DNA labeled with photobiotin was used as a probe for the identification and differentiation of strains of Echinococcus granulosus and to dis tinguish between the morphologically identical eggs of 2 taeniid species. Such biotinylated probes are easily prepared and can be utilized effectively for rapid screening and identifi cation of taeniid isolates by dot and Southern blotting. The use of total genomic DNA probes in high stringency hybridizations obviates the need for cloned sequences and has great potential for field use.
Accurate epidemiological data, including the characterization of causative agents, are crucial in the implementation of parasite control strat egies. This can be difficult to achieve due to the lack of distinctive morphological features of species and intraspecific variants.' Heterogeneity within the causative agents of both hydatidosis/ echinococcosis and cystercosis/taeniasis is sig nificant in the attempted identification and char acterization of strains, as well as the identifica tion of infective stages in the environment. ' Intraspecific variants, or strains, of Echino coccus have been identified. These differ in char acteristics which may affect transmission cycles, diagnosis, and chemotherapy. 2 Furthermore, the inability to distinguish between the environmen tal infective stages of taeniid species prohibits the determination of transmission sites and life cycle patterns in endemic areas. 3 Nucleic acid hybridization using cloned DNA sequences is of great value in parasite character ization, particularly with respect to strain differ entiation. @ However, current hybridization procedures are complex, time consuming, and costly. For these reasons, combined with the haz ards of using radioactive probes and the insta bility of labeled probes (due to the short half-life of isotopes), such procedures have limited value in routine diagnoses and field use. 6 The development of less complex recombinant DNA procedures and the advent of nonradioac tive labels have generated greater interest in the Accepted 4 May 1988.
use of DNA probes as diagnostic aids.@ This study demonstrates that rapid identification of taeniid variants is possible without resorting to the use of cloned DNA sequences. We report a procedure using total genomic DNA labeled with photobiotin along with Southern and dot blot hybridizations for strain identification and char acterization and the differentiation of taeniid eggs.
Parasites

MATERIALS AND METHODS
We used 3 well documented strains of Echi nococcus granulosu.s: horse strain, domestic sheep strain, and Tasmanian sheep strain.2 Two E. granulosus isolates of an unidentified strain were also included: 1 from a naturally infected western grey kangaroo (Macropus fuliginosus), and the other from a naturally infected monkey (Macaca nemestrina). For comparative purposes, an iso late of E. multilocularis, from Japan, and isolates of Taenia hydatigena and the protozoan Giardia intestinalis were used. The ability to differentiate between taeniid eggs was assessed using the species T. hydatigena and T. taeniaeformis.
Adult cestode material (T. taeniaeformis) was obtained from experimentally infected dogs or cats apart from the horse strain of E. granulosus obtained from horse hydatid cysts at slaughter. Trophozoites of Giardia were obtained from axe nic cultures of human isolates established and maintained as previously described.9 DNA was isolated from cestode tissue, washed taeniid egg NONRADIOACTIVE GENOMIC PROBES FOR TAENIIDCESTODES suspensions, and trophozoites of Giardia as de scribed previously.4
Materials
Bovine serum albumin (BSA), herring sperm DNA, and restriction endonuclease Eco R 1 were purchased from Boehringer Mannheim (Austra lia). Photobiotin@ acetate was from Bresa (Aus tralia). Nitrocellulose filters were obtained from Schleicher and Schuell (Germany), and Gene ScreenPlus from Dupont (USA).
Dot blotting
Five pg of heat denatured DNA from E. gran ulosus, E. multilocularis, T. hydatigena, T. tae niaeformis, and G. intestinalis were spotted di rectly onto GeneScreenPlus membrane filters. Filters were left to dry at room temperature prior to hybridization.
Southern blotting
DNA from isolates of E. granulosus and E. multilocularis was digested with Eco Rl. Re striction fragments were fractionated by agarose gel electrophoresis (0.7% w/v agarose in 0.04 M Tris-acetate, 0.001 M EDTA, pH 8.0). After elec trophoresis, the gels were washed briefly with distilled water, immersed in 0.25 M HC1 for 15 mm, followed by 2 x 15 mm indenaturing buffer (0.5 M NaOH, 1.0 M NaCl), then 2 x 15 mm in neutralizing buffer (1 M NH4 acetate, 0.02 M NaOH), all at room temperature.'Â°Denatured DNA fragments were transferred from agarose to nitrocellulose filters by Southern transferâ€• in 1 M NH4 acetate, 0.02 M NaOH. After transfer, filters were briefly rinsed in 0.5 M NaOH, 1.0 M NaC1, neutralized in 1 M NH4 acetate, 0.02 M NaOH for 10 mm, blotted, and allowedto dry at room temperature prior to baking at 80Â°Cfor 2 hr.
Biotinylation of DNA
DNA solution (10 @g) was mixed in subdued light withan equalvolume ofphotobiotin acetate and irradiated for15 mm withstronglight using a tungsten filament reflector lamp (Phillips, MLR 250 W). The photoactivation reaction was ter minated by adding 100 mM Tris-HC1, pH 9.0, and 1.0 mM EDTA and the mixture extracted twice with butan-2-ol. The DNA was recovered by precipitating with 2 volumes of ethanol and redissolved in sterile distilled water.
Hybridization
Membranes
with immobilized DNA were sandwiched between 2 sheets offilter paper wet ted with preheated (68Â°C)hybridization solution without DNA probe (6 X SSC [0. 15 M NaCl, 0.015 M trisodium citrate], 25 @tg/mlheat den atured herring sperm DNA, 5% BLOTTO [non fat skim milk], 5% SDS), and placed in a heat sealable plastic bag. Hybridization solution containing the DNA probe (50 ng/ml) was then added and the membrane hybridized at 68Â°C overnight. After hybridization, the membrane filters were washed at room temperature in 2 changes of 2 x SSC, 0.1% SDS with vigorous agitation for a total of S mm, twice in 0.5 x SSC, 0.1% SDS for 5 mm, twice in 0.2 x SSC, 0.1% SDS for 5 mm, and finally in 2 changes of 0.1 x SSC, 0.1% SDS at 68Â°Cfor a total of 10 mm.
Detection of biotinylated probeâ€"DNA hybrids
Membrane filters were washed briefly with blocking buffer (100 mM Tris-HC1, pH 7.5, 1.0 M NaCl, 2 mM MgCl2, 0.05% Triton X-100), placed in a heat-sealable bag containing 3% BSA and 1.5% BLOTTO in blocking buffer and in cubated at 42Â°Cfor 20 mm. After incubation, the BSA/BLOTTO solution was removed from the bag and replaced by 1 @ig/mlavidin alkaline phosphatase in blocking buffer. This was incu bated for 10 mm at room temperature. Then the membrane filters were washed at room temper ature, first in blocking buffer for 3 x 10 mm with vigorous shaking, then in developing buffer (100 mM Tris-HC1, pH 9.5,1.0 M NaCl, 5 mM MgCl2) for 2 x 10 mm. Fresh stock solutions of NBT (nitro blue tetrazolium, 75 mg/ml in 70% di methylformamide), and BCIP (5-bromo-4-chlo ro-3-indolyl phosphate, 50 mg/ml in dimethyl formamide) were used as substrates for avidin alkaline phosphatase detection. The working substrate solution was made by initially adding 4 @l of stock NBT to 1 ml of developing buffer which was gently mixed, followed by the addition of 4 j@l of stock BCIP, to achieve a final concen tration of 0.3 mg/mI of NBT and 0.2 mg/mI of BCIP. Membrane filters were incubated with the substrate solution 10â€"30mm at room temper A@ â€¢. ature in the dark. Color development was ter minated by submerging the filters in 10mM Tris HC1, pH 7.5, and 1.0 mM EDTA.
RESULTS
Identification of E. granulosus isolates by dot blot hybridization
The extent of DNA sequence similarity be tween species and strains of Echinococcus was determined by dot blot hybridization. Genomic DNA from each isolate was hybridized against biotinylated total genomic DNA prepared from the domestic sheep strain of E. granulosus (Fig.  1) . Isolates of T. hydatigena and G. intestinalis were used as negative controls. When biotin ylated DNA was hybridized with DNA from the homologous strain under high stringency, a strong positive signal was obtained. The degree of hy bridization observed with DNA extracted from the Tasmanian sheep strain, horse strain, and 2 unknown isolates of E. granulosus was less in tense when compared to DNA from samples of the homologous domestic sheep strain of E. 
DISCUSSION
The use of photobiotin allows the safe and rapid labeling of large quantities of DNA that, once labeled, will remain stable for at least 12 months if stored at â€"20Â°C. Probes so labeled are well suited for field studies, as the problems as sociated with radioactive labeling are avoided. Biotinylated probes, once labeled in the labora tory, could be lyophilized and subsequently re constituted in the field prior to hybridization.
Strain identification of E. granulosus by Southern blot hybridization
DNA restriction fragments were hybridized with biotinylated total genomic DNA prepared from the domestic sheep strain of E. granulosus. Under highly stringent conditions of hybridiza tion, only highly repeated similar or identical sequences were detected, which could represent ribosomal DNA sequences.
A characteristic hybridization pattern was ob tained for each strain of Echinococcus (Fig. 3) isolates were hybridized against a number of reference strains and hy bridization patterns compared.
The ability to distinguish between the mor phologically identical eggs of different taeniid species could prove useful in epidemiological studies.3â€•4 The dot blot procedure developed in our laboratory clearly distinguished between the eggs of T. hydatigena and T. taeniaeformis.
It is anticipated that the technique will differentiate the eggs of Echinococcus and Taenia species. Simple dot blot hybridization using nonradioac tive probes to differentiate taeniid eggs has ob vious applications for field use. Apart from the sensitivity of the procedure, there are several ad vantages over recently developed immunological techniques,3 as theeggsdo not have to be artifi cially hatched and can be used as crude homog enates.
We have demonstrated the successful appli cation of nonradioactive, biotinylated genomic probes for the identification and characterization of E. granulosusstrains and the differentiation of taeniideggs.The approach isbased on the detection and analysis ofhighlysimilar repeated DNA sequences by genomic cross-hybridization, and avoids the use of specific cloned DNA se quences as probes. We therefore have a rapid, simple, reproducible, and safe detection system which has obvious potential for use in the field and the laboratory with minimal facilities.
